An entomogenous taxon, associated with larvae of Phassus nodus (Hepialidae) collected from Xuefeng Mountains, Hunan Province, China, was found to be a new species, Ophiocordyceps xuefengensis sp. nov. It differs from similar species in having long stromata, without a sterile apex, narrow asci, long ascospores and by its occurrence on Phassus nodus in living root or trunk of Clerodendrum cyrtophyllum. Combined sequence data from the 5.8S-ITS rDNA, nrSSU, EF-1α, and RPB1 gene loci also confirmed the distinctiveness of this new species. It is presently the world's largest known Cordyceps sensu lato species.
Introduction
The genus Cordyceps Fr. (Clavicipitaceae, Hypocreales, Ascomycota) has been recently divided and placed into t hr ee fa m ili es and f our g ene ra-Metacordyceps (Clavi ci pit ac eae), Elaphocordyceps (Ophiocordycipitaceae), Ophiocordyceps (Ophiocordycipitaceae) and Cordyceps (Cordycipitaceae) (Sung et al. 2007a) . Most species in Cordyceps sensu lato are pathogenic on insects and spiders, although a few grow on Elaphomyces spp. (soil fungi). Many Cordyceps species are used in traditional Chinese medicines in China, Japan, Korea and other eastern Asian countries (Wen et al. 2012) .
Cordyceps sensu lato is one of the most important genera of invertebrate pathogens (Hywel-Jones 2001) with more than 530 species (www. Indexfungorum.org, December 25, 2012) . Although many Cordyceps species have been transferred to Ophiocordyceps, many species have yet to be restudied. Kirk et al. (2008) suggested that there are 140 Ophiocordyceps species, and 153 species were listed by Sung et al. (2007a) . There are more than 175 epithets assigned to Ophiocordyceps in Index Fungorum (www. Indexfungorum.org, December 25, 2012), however, some of them have been synonymsed with other genera. Most species of Cordyceps sensu lato have been identified from insects on leaves or in soil, 50 species are known to parasitize insects in dead wood, while a few species are known from insects in living tree trunks (Kobayasi & Shimizu 1983 , Samson et al. 1985 .
In this study, a new Ophiocordyceps species was found parasitizing Phassus nodus Chu & Wang collected from the living root or trunk of the medicinal plant Clerodendrum cyrtophyllum Turcz. in the Xuefeng Mountains of Hunan Province in south China. This species is morphologically distinct from all other Cordyceps sensu lato species and combined multi-gene analysis also shows it to differ. The new species, Ophiocordyceps xuefengensis, which is described below, currently sells for about US$20/g. It has been long recognized as a desirable alternative for natural O. sinensis in Hunan Province and it is also the world's largest known Cordyceps species.
Material & methods

Specimens and host
Collections were made in the Xuefeng Mountains, Dongkou County of Hunan Province between August 2011 and November 2012. Soil, tree parts, living larvae and adults, infected and dead insects, and insects from within the host trees were collected. Specimens were stored in plastic containers and transported to the laboratory for identification. The host insects were identified by Dr Xinjun Hu, Sun Yat-sen University and Prof. Qiong Zhou, Hunan Normal University.
Morphological studies
Fungal fruiting bodies were examined under an Optec SZ660 stereo dissecting microscope (Chongqing Optec Instrument Co., Chongqing, China). Hand sections of the fruiting structures were mounted in water for microscopic studies and photomicrography. The microcharacters of the fungus was examined under an Olympus CX31 compound microscope and photographed.
DNA extraction, PCR amplification and determination of DNA sequences
The total genomic DNA was extracted from dried specimens using E.Z.N.A. TM Fungal DNA MiniKit (Omega Biotech, CA, USA) according to the manufacturers protocols and the extracted DNA was stored at -20 °C. Two nuclear (5.8S-ITS rDNA, nrSSU) and two protein genes (EF-1α, RPB1) loci were amplified and sequenced (Sung et al. 2007b) .
The PCR amplification and sequencing of ITS1-5.8S-ITS2 rDNA were conducted as described in Wen et al. (2012) . The ITS1-5.8S-ITS2 rDNA was amplified and sequenced with the primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') (White et al. 1990) . The PCR amplification and sequencing of nrSSU were conducted as described in Sung et al. (2007b) . The nrSSU was amplified and sequenced with the primers NS1 (5'-GTAGTCATATGCTTGTCTC-3') and NS4 (5'-CTTCCGTCAATTCCTTTAAG-3') (White et al. 1990 ). In the amplification of EF-1α and RPB1, we followed Sung et al. (2007b) and Castlebury et al. (2004) . For the amplification of EF-1α, the primers 983F (5'-GCYCCYGGHCAYCGTGAYTTYAT-3') and 2218R (5'-ATGACACCRACRGCRACRGTYTG-3') (Sung et al. 2007b) were used. For RPB1, the primers CRPB1A (5'-CAYCCWGGYTTYATCAAGAA-3') and RPB1Cr (5'-CCNGCDATNTCRTTRTCCATRTA-3') (Castlebury et al. 2004) were used in PCR amplification and sequencing.
All PCR products were sequenced by GenScript Biotechnology Co., Nanjing, China.
Sequence alignment and phylogenetic analysis Blast searches were made to reveal the closest matches in GenBank for phylogenetic analysis. The taxon information and GenBank accession numbers used in the molecular analysis are listed in Table 1 . The four gene datasets (5.8S-ITS rDNA, nrSSU, EF-1α, RPB1) from the Ophiocordyceps species, plus datasets obtained from GenBank were aligned using MEGA5.05 (Tamura et al. 2011) . Alignments were manually adjusted to allow maximum sequence similarity. Gaps were treated as missing data. Unweighted Maximium Parsimony (MP) analysis was performed using PAUP* 4.0b10 (Swofford 1998) . Trees were inferred using the heuristic search option with TBR branch swapping and 1,000 random sequence additions. Maxtrees were 5,000, branches of zero length were collapsed and all multiple parsimonious trees were saved. Clade stability of the trees resulting from the parsimony analyses were assessed by bootstrap analysis with 1,000 replicates, each with 10 replicates of random stepwise addition of taxa (Felsenstein 1985) . Trees were viewed in Treeview and exported to graphics programs (Page 1996) . 
Results
Phylogenetic analyses
The partition homogeneity test (P = 0.01) suggested that the individual gene partitions were not highly incongruent (Farris et al. 1995) . The combined datasets comprised 3,566 characters after alignment, of which 1,394 characters were parsimony-informative, 1,751 constant, and 421 parsimony-uninformative. Parsimony analysis generated 5,000 trees; SH test verified that they were similar, one of which (tree length = 5,173 steps, CI = 0.567, RI = 0.742, RC = 0.420, HI = 0.443) and the most parsimonious tree is shown in Fig. 1 .
The data set comprises 30 species (Fig. 1) including the new species O. xuefengensis which formed a separate clade from other species of Ophiocordyceps with credible bootstrap support (100%); thus the new species is introduced. Ophiocordyceps xuefengensis differs from the other species of Ophiocordyceps in having long stromata without a sterile apex, narrow asci, long ascospores and its occurrence on Phassus nodus in living root or trunk (Fig. 2) . Ophiocordyceps xuefengensis and O. sinensis are sister taxa, but differ in their host, morphology and ecology (Table 2) 
Discussion
Ophiocordyceps xuefengensis is remarkable for four reasons: 1) it is probably the largest insect inhabiting Cordyceps sensu lato species ever discovered (stromata 140-460 mm long); 2) it is associated with Phassus nodus larvae on a single tree species; 3) it develops on larvae growing within the trunk or root of a tree and; 4) it lacks a sterile apex as compared with allies having superficial ascomata in the Ophiocordyceps group. If this large species, associated with a single tree species, has been previously overlooked by mycologists, especially in China where entomogenous fungi have been well-studied (Song et al. 2006) , one would predict that further studies will reveal many new species. This may have important implications for the numbers of fungi worldwide.
There are about 90 species with cylindric stromata in Cordyceps sensu lato and only a few species (i.e., O. gryllotalpae Petch (1942: 255) Sung, Hywel-Jones & Spatafora (2007a: 42) have stromata lacking a sterile apex, superficial ascomata and ascospores not breaking into secondary ascospores (Kobayasi & Shimizu 1983 , Liang et al. 1997 , 2001 , 2003 . The new species differs from the above species in host, habit, having long, seldom branched stromata and narrow ascospores. It is unusual that O. xuefengensis lives only on Phassus nodus larvae in the living root or trunk of the medicinal plant Clerodendrum cyrtophyllum and has a 2-3 year life cycle. In the first year, the stromata are smooth and lack ascomata, while in the second or third year sexual structures with spores develop. The species is used in traditional Chinese medicine as a replacement for O. sinensis in Hunan Province of south China, the gathering of the latter is causing substantial reductions in populations (Peter et al. 2004) . Ophiocordyceps xuefengensis is the world's largest known Cordyceps species (4.0 g dry weight for one specimen, and 460 mm long, Table 3 ), perhaps because its large host larvae contain a lot of nutrition. Liang et al. (2007) 
